
APPLICATION OF THERMAL INFRARED MULTIBAND SCANNER (TIMS) DATA 
TO MAPPING OF PLUTONIC AND STRATIFIED ROCK ASSEMBLAGES 

I N  ACCRETED TERRAINS OF THE NORTHERN SIERRA, CALIFORNIA 

James V. Taranik  
David Davis 

Marcus Borengas s e r 

Department of Geologica l  Sc iences  
Mackay School of Mines 

Un ive r s i ty  of Nevada-Reno 

Summary 

TIMS d a t a  were acqu i red  over  t h e  Donner Pass a r e a  i n  C a l i f o r n i a  on 
September 12, 1985. The h i g h e r  peaks i n  t h e  area approach 9,200 f e e t  i n  
e l e v a t i o n ,  whi le  t h e  canyon of the  no r th  f o r k  of t he  American River  i s  only 
3000 f e e t  i n  e l e v a t i o n .  The f l i g h t  a l t i t u d e  above mean t e r r a i n  was 
34,000 f e e t  and t h e  d a t a  were acqui red  a t  approximately 1330 l o c a l  t i m e  
(1930 I R I G ) .  There is  10 t o  30 percent  v e g e t a t i v e  cover  in much of t h e  
a r e a ,  a l though  100% v e g e t a t i v e  cover  is p r e s e n t  i n  meadows and where s o i l s  
have developed over  metamorphic rocks  and capping  vo lcan ic s ,  The 
v e g e t a t i o n  is dominated by c o n i f e r s ,  a l t hough  manzanita and o t h e r  shrubs  
a r e  p re sen t  in a r e a s  where s o i l s  have developed. TIMS d a t a  c o n t a i n  no i se  
p a t t e r n s  which c u t  a c r o s s  scan  l ines  d iagona l ly .  

TIMS d a t a  were ana lyzed  u s i n g  both p h o t o i n t e r p r e t a t i v e  and d i g i t a l  
p rocess ing  techniques .  The Jet P ropu l s ion  Labora tory  produced c o l o r  images 
u s i n g  a d e c o r r e l a t i o n  c o n s t r a s t  s tretch technique .  I n i t i a l  work was 
conducted w i t h  t h e  JPL photographic  p r in t s ,  a l though  when the o r i g i n a l  
n e g a t i v e  was ob ta ined ,  t h e  image d a t a  w a s  p r i n t e d  a t  1:40,000 scale f o r  
f i e l d  use .  
ana lyze  s p e c i f i c  areas a t  512 by 512 image r e s o l u t i o n ,  
t r a n s f o r m a t i o n s  were u t i l i z e d  t o  d i s p l a y  v a r i a t i o n s  i n  r a d i a n t  spectral  
emmittance. The images were processed acco rd ing  t o  t h e  r e c e i p e  developed by 
t h e  image p rocess ing  l a b o r a t o r y  a t  JPL. Bands 1, 3, and 5 were s e l e c t e d  f o r  
t h e  512 by 512 area. 
used in t h e  t r ans fo rma t ion .  The r a w  p r i n c i p a l  component images were 
c o n t r a s t  enhanced us ing  a l i n e a r  c o n t r a s t  s t r e t c h .  The enhanced images 
were u n i t e d  t o  form a s i n g l e ' i m a g e  on d i s k .  The e igenvec to r s  of t h e  
p r i n c i p a l  component images were c a l c u l a t e d  and were used t o  a g a i n  t ransform 
t h e  images. The new p r i n c i p a l  component images were c o l o r  encoded so t h a t  
t h e  image c o r r e l a t e d  wi th  topography ( the  one wi th  t h e  most v a r i a n c e )  was 
a s s igned  t h e  c o i o r  green.  The second piincipa!. ccmponent w a s  ass igned  t h e  
c o l o r  red  and the t h i r d  p r i n c i p a l  component w a s  a s s igned  t h e  c o l o r  blue.  
The r e s u l t a n t  image c l o s e l y  approximated t h e  images produced by JPL. The 
second and t h i r d  components appeared t o  d i s p l a y  v a r i a t i o n s  in r a d i a n t  
s p e c t r a l  emi t t ance  r e l a t e d  t o  rock composition. The t h i r d  p r i n c i p a l  
component image l a r g e l y  d i sp layed  n o i s e  in t h e  image. Only a small  p o r t i o n  
of t h e  s tudy  area has now been f i e l d  checked,  but  prsliiiiinary,;sll..alysis has 
shown t h a t  v a r i a t i o n s  i n  t h e  red c o l o r s  on t h e  imagery s e e m  t o  d i s p l a y  
v a r i a t i o n  in t h e  s i l i ca  con ten t  of rock materials throughout  t h e  a r e a .  

A VAX 11/780 ESL IDIMS image a n a l y s i s  s y s t e m  w a s  used t o  
Karhuen-Loeve 

The e igenvec to r s  were c a l c u l a t e d  f o r  t h e s e  bands and 
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The s tudy  a r e a  l i e s  e a s t  of a n  e x t e n s i v e  Mesozoic f a u l t  zone t h a t  
c o n t a i n s  l a r g e  s l ices  of Pa leozoic  u l t r a m a f i c  rocks and l o c a l l y  
metasedimentary rocks.  
assemblages have been in t ruded  by p l u t o n i c  rocks of t h e  S i e r r a  Nevada 
b a t h o l i t h  and a r e  l o c a l l y  capped by T e r t i a r y  and Qua te rna ry  vo lcan ic  rocks. 
The o l d e s t  known rocks  of the r e g i o n  belong t o  t h e  Shoo F l y  Complex and t h e  
v a r i o u s  g r a n i t i c  bodies  t h a t  were enplaced  d u r i n g  P a l e o z o i c  time. 
t h e  g r a n i t i c  bodies  are coeval and r e l a t e d  t o  a n  o v e r l y i n g  vo lcan ic  rock 
sequence t h a t  ranges i n  age from L a t e  Devonian t o  Permian, Schweickert ,  
e t .  a l . ,  ( 1 9 8 4 ) .  The over ly ing  v o l c a n i c  sequence i s  now thought to  be t h e  
product  of a Pa leozo ic  i s l a n d  arc sys tem t h a t  was t r a n s p o r t e d  from i t s  
p l a c e  of o r i g i n  and c o l l i d e d  with t h e  wes te rn  edge of North America, 
Schweickert  , et. a l . ,  ( 1 9 8 4 ) .  

The a c c r e t e d  Pa leozo ic  and Mesozoic rock 

Some of 

The Shoo Fly Complex has been subdiv ided  by Schweicker t ,  Harwood, 
G i r t y  and Hanson, ( 1 9 8 4 ) ,  i n t o  a t  least  fou r  d i s c r e t e  t h r u s t  bound u n i t s ,  
o r  a l l o c h t h o n s ,  t h a t  were emplaced p r i o r  t o  Devonian t i m e :  

1. The Lang-Halsted Sequence. C o n s i s t s  of p h y l l i t e  and qua r t zose  
sands tone  wi th  c h e r t  and marble.  

2. The Duncan Peak Allochthon. Cons i s t s  mostly of rhythmic,  
r a d i o l a r i a n  and sponge s p i c u l e  bea r ing  c h e r t  and s h a l e  wi th  l o c a l  
qua r t zose  sands tone .  

3. The Culber t son  Lake Allochthon.  Ves icu la r  p i l l o w  b a s a l t ,  b a s a l t i c  
b r e c c i a ,  and massive b a s a l t  o v e r l a i n  by rhy thmica l ly  bedded 
r a d i o l a r i a n  and sponge s p i c u l e  bea r ing  c h e r t  and q u a r t z  t o  a r k o s i c  
sands tones .  

4 .  The S i e r r a  C i t y  Melange. Consists of l e n s e s  of shea red  
s e r p e n t i n i t e ,  gabbro, p i l l owed  and massive b a s a l t ,  r ibbon c h e r t ,  
s ands  tone and small b locks  of dolomite .  

These assemblages of a l loch thonous  u n i t s  were e l e v a t e d  as the a rc -con t inen t  
c o l l i s i o n  progressed  and  they were probably beveled  by wave a t t a c k ,  t h u s  
c r e a t i n g  a great unconformity,  Schwiecker t ,  et. a l . ,  ( 1 9 8 4 ) .  A Pa leozo ic  
p y r o c l a s t i c  sequence overlies the Shoo F l y  Complex and c o n s i s t s  of 8 km. of 
marine p y r o c l a s t i c  and e p i c l a s t i c  d e p o s i t s ,  Schweicker t ,  et. a l . ,  ( 1 9 8 4 ) .  
The P y r o c l a s t i c  Sequence c o n s i s t s  of t h e  fo l lowing  l i t h o l o g i e s :  

1 .  G r i z z l y  Sierra But tes  Formation,  Tay lo r  Formation and lower p a r t  
o f  t h e  Pea le  Formation. Coarse conglomerate ,  s ands tone  and 
a r g i l l i t e  which c o n t a i n  c h e r t ,  q u a r t z i t e  and l imes tone .  R h y o l i t i c  
t o  d a c i t i c  t u f f ,  t u f f - b r e c c i a ,  and a s h  f lows w i t h  b l ack  phospha t i c  
c h e r t .  Andes i t i c  t u f f s  and b r e c c i a s .  These rocks are in t ruded  by 
c o e v a l  hypabyssal  i n t r u s i o n s  t h a t  range i n  composi t ion  from 
a n d e s i t i c  t o  s i l i c i c .  

2. The upper  P e a l e  Formation. C h e r t ,  s l a t e ,  b r e c c i a  and t u f f a c e o u s  
ma t e r l a  1. 

3. Goodhue and Reeve Formations.  B a s a l t ,  b a s a l t i c  a n d e s i t e ,  a n d e s i t i c  
b r e c c i a  con ta in ing  red c h e r t ,  t u f f ,  p i l l o w  l a v a  and s u b a e r i a l  f lows.  
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The Mesozoic sequence c o n s i s t s  of u p p e r  T r i a s s i c  Limestone, t h e  S a i l o r  
Canyon Formation which is  composed of s t r a t i f i e d  tuf faceous  s i l t s t o n e  and 
sands tone  wi th  minor in t e rbeds  of l a p i l l i  t u f f ,  and an unnamed v o l c a n i c  
b r e c c i a  of a n d e s i t i c  composition. The e n t i r e  sequence of Pa leozo ic  through 
Jurassic  rocks w a s  i n t ruded  by b a t h o l i t h s  of  J u r a s s i c  t o  Cre taceous  age and 
t h a t  ranged i n  composi t ion from g r a n i t i c  t o  g r a n o d i o r i t i c .  

P re l imina ry  image i n t e r p r e t a t i o n  and f i e l d  a n a l y s i s  has confirmed t h a t  
TIMS image d a t a  d i s p l a y s  the  c h e r t  u n i t s  and s i l i c i c  vo lcan ic s  as b r i g h t  
red.  The imagery appea r s  t o  d i s p l a y  zoning i n  t h e  b a t h o l i t i c  and 
hypabyssa l  i n t r u s i v e  rocks,  a l though t h i s  has not  been f i e l d  checked a t  
t h i s  t i m e .  Rocks which appear  t o  be more d i o r i t i c  i n  composi t ion appea r  
pu rp le  on the  imagery, while  rocks more g r a n i t i c  i n  composi t ion appear  
shades  of red and pink. Areas t h a t  have more than  40% v e g e t a t i v e  cove r  
appear  green  on t h e  imagery. 
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